The Milne problem, known as one of the classical problems of radiative transfer and neutron transport theory, is solved using the P N method for a nonabsorbing medium (c = 1) with a linearly anisotropic scattering kernel. Specular and diffuse reflection boundary conditions are taken into account. The numerical results are listed for different selected parameters. Some results are also compared with the literature.
Introduction
The Milne problem is a well-known problem in both the radiative transfer field and neutron transport theory [1] . In this problem, the angular distribution of the flux due to monoenergetic neutrons or radiations diffusing from a source at infinity (x > 0) can be obtained in a source-free half-space (x < 0) [2, 3] .
In this paper the effect of linearly anisotropic scattering with specular and diffuse reflecting boundaries on the extrapolated endpoint z 0 for the Milne problem is studied in a nonabsorbing medium using Legendre polynomial approximation. Numerical results for z 0 and the emergent angular distribution Ψ(0, −µ) are given and compared with the literature.
In the plane geometry, the one-speed, time-independent neutron transport equation for linearly anisotropic scattering is [4] µ ∂Ψ(x, µ) ∂x
where Ψ (x, µ) is the angular distribution of neutrons, c is the number of secondary neutrons per collision, µ is the cosine of the angle between the direction of the neutron velocity and the positive x axis, and 3f 1 (-1 ≤ 3f 1 ≤ +1) is the coefficient of the linearly anisotropic scattering.
The Milne problem will be solved with the following boundary conditions [5] :
and lim
where
are the specular and diffuse reflectivity of the boundary, respectively.
Method and calculation
In the P N method, by using the expansion of the angular distribution in terms of Legendre polynomials [6] ,
and multiplying both sides of Eq. (1) by P m (µ) , then integrating over µ in an interval [-1, +1] and using the orthogonality of the Legendre polynomials leads to the following moment equations, which consist of the infinite sets of coupled differential equations with m = 0,1,...,N [7] , [8] :
In order to solve Eq. (5) it is sufficient to get dΨ m+1 (x)/dx = 0 . As a result of this, N + 1 equations that consist of N + 1 unknowns are obtained. P 1 approximation: In P 1 approximation for nonabsorbing medium i.e. c = 1, the moment equations from Eq. (5) are
is a constant as seen in Eq. (8a) and so assuming Ψ 1 (x) = −1 and then substituting it in Eq. (8b) we get
and from Eq. (4)
where A 0 is constant and can be obtained using the Marshak boundary condition given by [9] ,
Using Eq. (2), we can rewrite the Marshak boundary condition as
Then A 0 can be obtained as
The extrapolated endpoint z 0 is defined as a distance from a vacuum boundary to where the asymptotic intensity vanishes and it can be written mathematically as Ψ 0 (−z 0 ) = 0 . From the definitions one can get
P 3 approximation: In P 3 approximation the moment equations from Eq. (5) can be written as
From Eq. (15c) and Eq. (15d), a differential equation for Ψ 2 (x) is
and the solution of this equation is given by
where A 1 is constant. Inserting Eq. (17) into Eq. (15d), Ψ 3 (x) can be written as
Using Eqs. (17) and (18) and
is obtained. Here A 0 is constant and from Eq. (4) we get
The lowest order of Marshak boundary conditions given in Eq. (12) and Eq. (20) are used to determine A 0 and A 1 constants
Finally, the extrapolated endpoint z 0 is calculated from Eq. (14) using A 0 in Eq. (21a) for P 3 approximation. P 5 approximation: In P 5 approximation the moment equations are obtained from Eq. (5)
After some algebraic manipulations in Eqs. (22), a differential equation is found as follows:
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and the solution of this equation is
Ψ 5 (x) can be derived from Eq. (22f)
and the other solutions of moment equations can be found as
A 0 , A 1 , A 2 are constants and can be calculated by using Marshak boundary conditions given in Eq. (12) and from Eq.(4) we obtained
As a result, we can generalize the moment equations for P N approximation as
and the solutions of these equations are
The A 0 and A k constants can be determined by Eq. (12) and the extrapolated endpoint is calculated from Eq.
.
Results
Numerical values of the extrapolated endpoint are given in isotropic scattering for diffuse and specular reflection in Tables 1 and 2 , respectively. They are compared with the exact values in Williams's paper [10] . Table 3 shows the extrapolated endpoints for different values of ρ s and ρ d in isotropic scattering. These results are compared with Degheidy [11] . It can be seen from these tables that z 0 , the distance at which the flux drops to zero, increases with increasing specular and diffuse components of reflectivity. In Tables 4 and 5, numerical values of z 0 are given for different values of ρ s and ρ d in linearly anisotropic scattering compared with Atalay [12, 13] . In these tables, the extrapolated endpoint values increase with increasing linearly anisotropic scattering function. Table 6 shows the emergent angular distribution Ψ(0, 0) . In all our computations, we used Mathematica programming. 
Discussion
The Milne problem with specular and diffuse reflecting boundary conditions is solved using Legendre polynomial approximation, which is known as the P N method. Extrapolated endpoint z 0 is the distance from the boundary to where the asymptotic component of density goes to zero. It was calculated for the nonabsorbing medium where the average number of secondary neutrons per collision equals unity. There are only scattering collisions with no neutron loss. Furthermore, the linearly anisotropic scattering function is considered. For Nth order approximation, N + 1 set of coupled differential equations are defined and reduced to one (N -1)th order differential equation for Ψ N −1 (x) in the P N method. The remaining N moments for Ψ N (x) are derived after writing the solution of Ψ N −1 (x). The constants of these solutions are calculated using Marshak boundary conditions with specular and diffuse reflectivity of the boundary. Then z 0 is obtained using the A 0 constant for each Nth order approximation. Some of our results are compared with the literature and these results are in agreement. 
